Introduction
Overhead cranes are broadly used in industry. However, undesirable load swing is often induced with transportation. Therefore, various researches about control of positioning and swing suppression of crane load have been made. On the other hand, a worker operates a crane skillfully by manual-operation in transportation. Hence, support system and automation of crane operation are expected from the viewpoint of safety and production efficiency. Feedback, time-optimal and these combination controls by visual servo for practical use are described in this section. A visual servo device has the following two types. One type is installed separately from a crane and another type is installed on a trolley. Two problems related to the crane control will be discussed from here. The first problem is feedback control by separate type of visual servo device. Separate type device is the case that the device cannot be installed on the crane. It has to track transportation movement and measure swing of the load. Base-line stereo which has parallel optical axes of two cameras uses parallax where tracked target point is not in the center of camera image and therefore, tracking control is difficult to succeed. Gaze controlled stereo vision device has the mechanism that an intersection point of two cameras optical axes always accords with the target and can catch the target point in the center of camera image. This stereo vision device is made and used it for experiments. Using camera image data and tracking controlled camera angles, crane load can be tracked and at the same time 3 dimensional position of the load can be got. By using these data, feedback control of positioning and swing suppression was applied to crane load in experiments. The second problem is combination control of time optimal control and feedback control by installed type of visual servo device. Installed type device is not necessary to track transportation movement, then that is why 3D-camera fixed to trolley is used. This type device can measure displacements of both swing of the load and rope hoisting. Time optimal control is feed forward control. Trolley acceleration time for swing suppression control is set using exact natural period of load swing that is beforehand estimated. However, when with lack of information of actual rope length, position of center of gravity www.intechopen.com or moment of inertia of crane load, it is often that an incorrect natural period of load swing is used, and swing is induced. Therefore, it is practical to use combination control of both time optimal control of transportation positioning and feedback control of swing suppression of the load and it was inspected by experiments. In addition, when rope length changes while swing suppression control, feedback control needs variable control gains of nonlinear system. Then, the method that control digital gains can be redesigned by analog gains was developed and these variable digital gains were used in experiments.
2. Crane feedback control by gaze-controlled stereo vision installed separately from the crane 2.1 Dynamic model and control of overhead crane An overhead crane model and a stereo vision installed separately from the crane are shown in Fig. 1 . This system has five-degree-of-freedom (trolley , xy, rope length l , swing angle amplitude θ , swing direction angle φ ). Stereovision has four-degree-of-freedom from 1 θ to 4 θ . Gkkkk = c a n b e o b t a i n e d f r o m a n a l o g g a i n a G determined by pole assignment.
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Gaze-controlled stereo vision
Stereo vision is shown in Fig. 2 
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Similary, the position of the target can be obtained from 4 T P . Fig. 4 (a) shows the gazing state where the target is on a point of intersection of optical axes of both cameras where the position is given by putting 34 34 0, 0 cc cc yy zz = == = into eq. (7). Fig. 4 (b) shows the looking state of parallel optical axes of both cameras by putting 34 0 θθ = = into eq.(7).
Therefore, expressions of (6), (7) include not only gaze but also parallel stereo. We can see that the three-dimensional position of a crane load is the function with camera angles, image data, the focus distance and stereovision dimensions. It is gaze control that there is a moving point in the center of camera image, and tracking control that always catches a moving point to camera image. When an intersection point of two cameras optical axes accords with a moving point, stereovision angles become target desired angles for the gaze/tracking control. Target desired angles as shown in 
(1 4 )
Manipulating velocities are obtained by integrating with sampling time.
www.intechopen.com Experimental results are shown from Fig. 7 to Fig. 11 . In these figures, "with control" is defined that trolleys are controlled by visual feedback. Fig. 7 shows rope length. Hoisting the crane load is controlled where the rope length changes upward from initial length 1.25m to target length 0.8m . Fig. 8 shows traveling and traversing transportation of trolley-X, Y. As for the controlled response, both of traveling of trolley-X and traversing of trolley-Y move to the target position 0.6m while doing swing suppression. Fig. 9 shows swing amplitude suppressed by visual feedback control though the rope length changes. Fig. 10 shows manipulating angles of stereo vision. The horizontal angle 1 θ changes largely to track the transportation of the load when trolleys are moving. And when the trolleys stay, it tracks the swing of the load, particularly large swing without control. The vertical angle 2 θ changes to track the hoisting of the load. Two camera angles 34 , θ θ change to gaze the load. Fig. 11 shows the changes of digital gains of trolley traveling and traversing. Gains change according to the rope length change of hosting of the load and the coefficient 2d k changes most, in proportion to swing angle that is sensitive for length. 
Without control
Trolley-x with control Fig. 12 shows an overhead crane with 3D-camera (SR3000, CSEM Inc.) installed on the trolley and the marker on the crane load. Fig. 13 shows the crane load having constant rope length under the condition of trolley's constant acceleration 0 u . Fig. 12 . Photograph of 3D-camera and marker 
Combination control of time optimal control and feedback control by 3D-camera installed on the trolley

Time optimal control as feed forward
Visual control experiments by 3D-camera
Three kinds of experiments using 3D-camera are done. These are experiment of feedback control, feed forward control and combination control.
(a) Visual feedback control experiment
Most of the same experiment as the visual feedback control by stereo vision was performed by 3D-camera. Fig. 17 shows rope length and trolley transportation. These are similar as results of Fig. 7 and Fig. 8 using stereo vision control.
www.intechopen.com Experimental results of time-optimal control of the load suspended by rope length 1.67 lm = are from Fig. 19 to Fig. 21 . Fig. 19 shows trolley's velocities of two patterns. One is time-optimal 0.6 , 0.4 Ts Ts ςη = = from correct natural period and another is error time 0.5 , 0.4 Ts Ts ςη == using false natural period. Fig. 20 is the trolley's displacement controlled to the desire 0.5m. Fig. 21 is the swing amplitude. In the case of time-optimal control, the load swings with 4 deg amplitude until the time 23 . 2 op Ts = and after that it stays without swing. In the case of the control using false natural period, the load swings with 5 deg until the time 2 2.8
op Ts = and after that it's swing continues with 1.5 deg. Time-optimal control Time-optimal control using false natural period As for the load marker, it is realistic to install the marker on the crane hook or on the arbitrary position of the rope. Fig. 25 shows two different marker positions where one is installed on the load and another is located 0.5m upward. Fig. 26 and Fig. 27 are experiments using combination control for two different positions of load marker. No significant difference appeared in the response of trolley position and swing angle.
Conclusion
A trial stereovision device of separate type from the crane is manufactured and tried to control the overhead crane by vision feedback. Three-dimensional positions measurement and the control of tracking/gazing about the crane transportation load were carried out by the stereovision. Using measured visual three-dimensional load position, positioning and swing suppression control of the overhead crane was done. The experimental results of the overhead crane control by vision feedback showed that the used control system was effective. Next, combination control of time-optimal feedforward control for transportation and feedback control for swing suppression were carried out by a visual servo device using 3D-camera installed on the crane. The combination control is practical and effective for actual crane with various swing natural period. There is little influence which the installed location of a marker gives visual feedback control. In addition, when rope length changes while swing suppression control, feedback control needs variable control gains of nonlinear system. Then, the method that control digital gains can be redesigned by analog gains was developed and these variable digital gains were used in experiments.
